Introduction
The D micropolar fluid model was firstly formulated by Eringen [] and was used to describe the fluids consisting of randomly oriented particles suspended in a viscous medium. According to [] , the incompressible micropolar fluid motion can be expressed by the following system: where u(x, t) = (u  , u  , u  ) represents the velocity, ω(x, t) = (ω  , ω  , ω  ) stands for the angular velocity field of rotation of particles, p is the pressure, f andf represent the external force and moment, respectively. The positive parameters ν, ν r , c  , c a , c d are the viscous coefficients. In fact, ν is the usual Newtonian kinetic viscosity, and ν r is the dynamics microrotation viscosity, and c  , c a , c d denote the angular viscosity (see [] ). From [, ] we see that these equations express the balance of momentum, mass, and moment of momentum, accordingly. When microrotation effects are neglected (i.e., ω = ), the equations reduce to the incompressible Navier-Stokes equations. Therefore, the equations of micropolar fluid flows can be regarded as a generalization of the Navier-Stokes equations in the sense that they take into account the microstructure of the fluid. For physical background, we refer, for example, to [, ] .
Due to their wide applications, the micropolar fluid flows have drawn much attention from mathematicians and physicists and have been well studied. For the theories on the existence and uniqueness of solutions of the micropolar fluid flows, we refer to [-] .
At the same time, the long-time behavior of solutions for the micropolar fluid flows has been investigated from various aspects. Chen [] studied the global regularity and large-time behavior of solutions to the D micropolar equations with only angular viscosity dissipation, in which they established the well-posedness of the solutions by fully exploiting the structure of the system and controlling the vorticity via the evolution equation of a combined quantity of the vorticity and the microrotation angular velocity; they also obtained suitable decay rates of the solution by combining diagonalization process with uniformly bounded estimates for the first derivatives of the solutions.
In this paper, we consider the special situation where the velocity component in the x  -direction is zero and the axes of rotation of particles are parallel to the x  -axis, that is,
domain with smooth boundary ∂ such that the following Poincaré inequality holds:
Then, we discuss the following D non-autonomous incompressible micropolar fluid flows with infinite delays in : 
) is the initial datum in the interval of delay time (-∞, ], and
In the real world, delay terms appear naturally, for instance, as effects in wind tunnel experiments. Also, the delay situations may occur when we want to control the system via applying a force that considers not only the present state but also the history state of the system. However, so far, to our knowledge, there is no references discussing the micropolar fluid flows with delay in addition to [] , where the author established the global well-posedness and pullback attractors for a D impressible micropolar flows with infinite delays.
The main purpose of this work is to establish the H  -boundedness of the pullback at-
. Before stating the main results of this paper, we give some assumptions:
Under the above assumptions, we have
Theorem . Assume that (A) and (A) hold. () For any bounded set B ⊂ C γ ( H) and any
() Let A = {A(t) | t ∈ R} be the pullback attractor of system (.). Then, for any
We remark that García-Luengo et al. [] proved the existence of the pullback attractor and investigated its tempered behavior for Navier-Stokes equations in bounded domains. In addition, the time-delay term considered in this work also increases the difficulty. Therefore, we have to obtain more delicate estimates and analysis for the solutions. The paper is organized as follows. In Section , we make some preliminaries. That is, we introduce some notations and recall some known results. In Section , we concentrate on showing the H  -boundedness of the pullback attractor A. To this end, we first make some estimates for the Galerkin approximation solutions by mainly using the energy method. Then, we obtain a general result about V ∩ (H  ( ))  -boundedness of invariant sets for the associate evolution process. Further, we have the boundedness of the pullback attractor in V ∩ (H  ( ))  .
Preliminaries
In this section, we make some necessary preliminaries by introducing some notation and key operators. 
which is a Banach space with the norm 
Now, we introduce three operators: 
In particular,
(ii) There exists a positive constant λ, which depends only on , such that for any
() The operator N(·) is continuous from V to H. Moreover, there exists a positive constant c(ν r ) such that
According to the previous notation, we can formulate a weak version of system (.) as follows:
where w = (u, ω), x) ), and G(t, w t ) := (g(t, u t ),g(t, ω t )). 
We say that a function w ∈ C((-∞, T]; H)
Lemma . (see [] ) Assume that (A) holds. Then for any given initial datum w τ := φ(s) ∈ C γ ( H) and any T > τ , there exists a unique stable weak solution
Moreover, for any t ∈ [τ , T],
w t  γ ≤ e (-δ  λ  +L G )(t-τ ) φ(s)  γ +  δ  t τ e (-δ  λ  +L G )(t-θ) F(θ )  dθ , (  .   ) δ  t τ w(θ )  V dθ ≤ e δ  λ  (t-τ ) w(τ )  +  δ  e L G t-δ  λ  τ t τ e (δ  λ  -L G )θ F(θ )  dθ +  δ  e -δ  λ  τ t τ e δ  λ  θ F(θ )  dθ + e L G (t-τ ) φ(s)  γ . (  .   )
In addition, if w τ ∈ V , then the weak solution w ∈ C((-∞, T); V ) ∩ L  (τ , T; D(A)).
Based on Lemma ., we can define the map
which generates a continuous process in C γ ( H) satisfying:
r)U(r, s) = U(t, s) for any s ≤ r ≤ t, where w is the solution of system (.) corresponding to the initial datum φ(s) ∈ C γ ( H), and w t (s) is defined as in (.).

Lemma . Under assumption (A), there exists a pullback attractor A = {A(t) | t ∈ R} for the process {U(t, τ )} t≥τ that satisfies the following properties:
• Compactness: for any t ∈ R, A(t) is a nonempty compact subset of C γ ( H);
Now, we end this section with the following lemma, which plays an important role in the proof of higher regularity of the pullback attractors. 
H 2 -boundedness of the pullback attractor
In this section, we concentrate on proving the H  -boundedness of the pullback attractor A.
To begin with, let us recall some properties of the operator A. According to the classical spectral theory of elliptic operators (see [] ), there exists a sequence {λ n } ∞ n= satisfying 
Now, we verify the following results about the Galerkin approximation solutions.
Lemma . Assume that (A) holds. Then, for any bounded subset B of C γ ( H) and any
, and
, summing up for j from  to m, and then using (.) and (.), we obtain
where we also used assumption (A), the Cauchy-Schwarz inequality, the Young inequality, and the facts
Integrating this inequality from τ to t, for any t ≥ τ , we have
Multiplying (.) by λ j v j , where λ j is the eigenvalue associated with the eigenvector v j , and summing from j =  to m, we have
On one hand, from (.), (.), Young's inequality, and the facts ∇u (m) ≤ ∇w (m) and
On the other hand,
Substituting (.)-(.) into (.) and using (.), we get
Then, (.) yields that
Applying the Gronwall inequality to (.), for τ ≤r ≤ s ≤ t, we have
Integrating this inequality forr from τ to s, we obtain
In particular, for any τ + ≤ s ≤ t, n ≥ , we have 
